Capra hircus, an economically important livestock, plays an indispensable 1 5 role in the world animal fiber industry. To identify additional genes that may 1 6 play important roles in coat color regulation, Illumina/Solexa high throughput 1 7 sequencing technology was used to catalog the global gene expression 1 8 profiles in the skin of three different coat colors goat (Lubei white goat (white), 1 9 3 1 validated by real-time quantitative polymerase chain reaction (qPCR) and the 3 2 results of the qPCR were consistent with the RNA-seq except the expression 3 3 of TYRP1 between the gray skin and white skin libraries. This study provides 3 4 several candidate genes that may be associated with the development of 3 5 diferent coat colors goat skin. More importantly, the fact that the ASIP gene 3 6 was only detected in the white skin and not in the other dark skins and the 3 7
OD260/OD280 ratio greater than 1.75 were selected for goat sequencing. temperatures of the PCR products was determined between 70°C and 90°C. The iQ5 software (Bio-Rad) was used for detection of fluorescent signals and 2 1 5 melting temperature calculations. Quantification of selected mRNA transcript 2 1 6 abundance was performed using the comparative threshold cycle (CT) method. The difference in abundance of mRNA for the genes was determined by 2 1 8 analysis of variance. differentially expressed genes between the gray and white skin. Table S3 2 3 8 isolated from different coat colors individuals as a sample library. These RNA-Seq libraries generated over 54 million raw reads from each library. After reads among raw tags in each library ranged from 94.07% to 94.71% (Table 2 2 4 4
and Figure 1 ).
4 5
Of the total reads, more than 77% matched either to a unique or to 2 4 6 multiple genomic locations; the remaining were unmatched (Table 3) , because 2 4 7 only reads aligning entirely inside exonic regions will be matched (reads from 2 4 8 exon-exon junction regions will not be matched). Of the total mapped, more 2 4 9 than 78% matched to exon and more than 11% matched to intron; the 2 5 0 remaning were matched the intergenic ( Figure 2 ). Genes highly expressed in goat skin 2 5 3
The top 30 genes most highly expressed in goat skin included genes of the 2 5 4 keratin family and ribosomal proteins (Table S1 ). The most highly expressed 2 5 5 gene in all three different coat colors goat skin was keratin associated protein 2 5 6
3-1. The other highly expressed genes in the different coat color goat skins goat skin, the differences in gene expression patterns were analysed for the 2 6 7 pairs of the gray skin and white skin, the brown skin and white skin, the brown 2 6 8 skin and gray skin. There were a total of 89 known genes and 2 novel genes 2 6 9
identified as differentially expressed in gray skin versus white skin, of which 17
were down-regulated and 74 (including 2 novel genes) were up-regulated in 2 7 1 skin from gray goat compared with skin from white goat ( Figure 3 and Table   2 7 2 S2). Between the brown and white libraries, 67 genes (including 1 novel gene) were differentially expressed, including 44 down-regulated (including 1 novel 2 7 4 gene) and 23 up-regulated genes ( Figure 3 and Table S3 ). When we 2 7 5 compared the brown and gray libraries,154 DEGs (including 6 novel genes) 2 7 6
were found, with 121 down-regulated (including 5 novel genes) and 33 2 7 7 up-regulated (including 1 novel gene) ( Figure 3 and Table S4 ). This suggests 2 7 8 that the differentiation of expressed genes between the brown skin and gray 2 7 9
skin is larger than that between the gray skin and white skin, while a relatively 2 8 0 smaller differentiation arises between the brown skin and white skin. Table S5 ). The majority of the GO terms including pigmentation do not appear 2 8 9
to be significantly enriched in the differentially expressed genes. For the GO 2 9 0 analysis of brown versus white skin, 505, 326 and 391 differentially expressed 2 9 1 genes were grouped in biological process, cellular component and molecular 2 9 2 function, respectively. Most of the differentially expressed genes were 2 9 3 classified into three GO categories (oxidation-reduction process, extracellular 2 9 4 region and structural molecule activity; Figure 4 and Table S5 ). The majority of 2 9 5 the GO terms including pigmentation do not appear to be significantly enriched in the differentially expressed genes. For the GO analysis of brown versus 2 9 7 white skin, 2368, 761 and 1100 differentially expressed genes were grouped in 2 9 8 biological process, cellular component and molecular function, respectively. Most of the differentially expressed genes were classified into two GO 3 0 0 categories (oxidation-reduction process, single-organism metabolic process 3 0 1 and oxidoreductase activity; Figure 4 and Table S5 ). The majority of the GO 3 0 2 terms including pigmentation do not appear to be significantly enriched in the 3 0 3 differentially expressed genes. In order to validate the transcriptome sequencing results, we selected 5 in dfferent coat color goat skin based on transcriptome sequencing analysis. The results of the qPCR were consistent with the RNA-seq except the 3 0 9
expression of TYRP1 between the gray skin and white skin libraries ( Figure 5 ). in skin such as tyrosine metabolism (Table S6) . Between the brown and white goat skin, 23 DEGs with a KEGG pathway 3 2 3
annotation were found and 14 were down-regulated in brown goat skin. These KEGG pathway annotated genes were associated with 31 pathways including 3 2 7
those functionally related to coat color in skin such as melanogenesis, tyrosine 3 2 8
metabolism (Table S7) .
Between the brown and gray goat skin, 72 DEGs with a KEGG pathway 3 3 0
annotation were found and 63 were down-regulated in brown goat skin. These 3 3 1 down-regulated genes were associated with 98 pathways including those 3 3 2 functionally related to coat color in skin such as tyrosine metabolism.
3 3 3
Remaining KEGG pathway annotated genes were associated with 29 3 3 4
pathways including those functionally related to coat color in skin such as 3 3 5 melanogenesis, tyrosine metabolism (Table S8) . Approximately 171 cloned genes involved in different pathways controlling in present studies, and 2 genes showed higher expression in gray goat skin 3 4 7 versus white goat skin and 1 gene showed higher expression in white goat skin, 3 4 8 4 genes showed higher expression in brown goat skin versus white goat skin 3 4 9
and 1 gene showed higher expression in white goat skin, 4 genes showed
higher expression in brown goat skin versus gray goat skin. Interestingly, the Our study offers new information related to gene expression profiles for 3 7 7 three different coat colors goat skin. Our data analysis was based on the NCBI 3 7 8
database of the goat reference genome (Capra hircus (assembly CHIR_1.0)).
3 7 9
To further investigate genes that may play important roles in goat skin, design was not optimal due to limited biological replication because single to further study in the future. Genes encoding for keratin family members and keratin associated proteins, ribosomal proteins were among the most highly expressed genes proteins was high presumably due to higher levels of translational activities 4 1 0 (Karsi et al. 2002; Patterson et al. 2003) . It was also found that several The GO and KEGG pathway analyses of differentially expressed genes 4 2 4
revealed that most were associated with the function of single-organism 4 2 5 metabolic process, oxidoreductase activity and oxidation-reduction process 4 2 6 ontology categories. Of particular interest in our dataset were pathways related 4 2 7
to pigmentation and melanogenesis. In this study, in terms of the molecular 4 2 8 function category, 3 significant genes were found to be involved in 4 2 9 melanogenesis and 3 significant genes were found to be involved in tyrosine 4 3 0 metabolism. All these results provide strong evidence that there is a significant skin. However, further investigation is still needed to confirm the regulatory 4 3 3 relationships of these genes.
3 4
Melanocortin-1 receptor (MC1R) is responsible for binding melanocyte The gene for agouti signaling protein (ASIP) is centrally involved in the the ASIP gene is responsible for the skin color of both white and black-coated skin. The result that ASIP only was detected in the white skin and not in the 4 6 7
dark skins seems to be inconsistent with the previous study, which has shown 4 6 8 that the expression of the ASIP gene was also significantly greater in the investigations are still needed to confirm the mechanism of ASIP. bound protein that is expressed in both melanocytes and the retinal epithelium. brown goat skin (brown vs white, brown vs gray) and TYRP1 showed no 4 9 0 differences in expression between the gray and white skin samples using high showed that TYRP1 were significantly up-regulated in brown goat skin (brown 4 9 4 vs white, brown vs gray) and had significantly higher expression in gary goat research. PMEL (SILV or PMEL17) is involved in melanosomal structure and acts as the subsequent validation were consistent. alkali-soluble melanin content, and ratio of eumelanin: total melanin than 5 1 7
sheep with GA and AA genotypes when measured across all investigated showed that DCT were significantly up-regulated in brown goat skin (brown vs 5 2 1 white, brown vs gray) and there were no significant differences in the 5 2 2 expression of DCT between the gray and white skin samples. phenotype, the so-called leopard complex spotting, which is found in some 5 2 8
horse breeds (Bellone et al. 2008; Wade et al. 2009 ). Interestingly, this 5 2 9
mutation is linked with night blindness in homozygous Appaloosa horses. In that TRPM1 were significantly up-regulated in brown goat skin (brown vs white, 5 3 5 brown vs gray) and there were no significant differences in the expression of 5 3 6 TRPM1 between the gray and white skin samples. ELOVL3 encodes a protein that belongs to the GNS1/SUR4 family.
3 8
Members of this family play a role in elongation of long chain fatty acids to RNA-seq and qPCR all showed that ELOVL3 were significantly up-regulated in 5 4 2 gray goat skin (gray vs white, brown vs gray) and there were no significant 5 4 3 differences in the expression of ELOVL3 between the brown and white skin 5 4 4 samples.
4 5
ASIP was only detected in the white skin and not in the dark skins, therefore ASIP may play important role in maintaining goat white coat color. 
